Abstract-Simultaneous wireless power and information transfer is considered in cognitive radio networks with a multiantenna energy harvesting (EH) secondary receiver (SR). The SR harvests the energy from the secondary transmitter and primary transmitter. The SR uses the antenna switching (AS) technique which selects a subset of antennas to decode the information [namely, the information decoding (ID) antennas] and the rest to harvest the energy (namely the EH antennas). The AS technique is performed via a thresholding-based strategy inspired from the maximum ratio combining technique with an output threshold which is proposed in two ways: 1) the prioritizing data selection (PDS) scheme and 2) the prioritizing energy selection (PES) scheme. For both schemes, we study the expressions and the asymptotic results of the probability mass function of the selected ID antennas, the average harvested energy, the power outage probability, and the data outage probability. We deduce the performance of the joint PDS and PES scheme. We evaluate all performance metrics for the Rayleigh and Nakagami fading channels. Through the simulation results, we show the impact of different simulation parameters on the performance metrics. We also show that there is a tradeoff between the data and energy performance metrics.
I. INTRODUCTION
E NERGY consumption and spectrum scarcity are two major issues in wireless communication systems. For the next generation of wireless communication systems, it is challenging to assure the energy efficiency as well the spectrum efficiency. On the one hand, cognitive radio (CR) networks are a promising solution to solve the spectrum scarcity. CR networks allow the unlicensed users to use the spectrum whenever the licensed users are idle [1] . For the spectrum sharing (SS) in CR networks, the unlicensed users and licensed users are allowed to share the spectrum as long as the interference induced by the unlicensed users do not harm the licensed users [2] . Various works have studied the spectrum sharing in CR networks with single/multiple antennas at the primary and secondary networks [3] - [7] . The secondary capacity gains were investigated for the SS in single-input single-output (SISO) CR networks with imperfect channel state information (CSI) in [3] . The overlay SS in multipleinput multiple-output (MIMO) CR networks was studied in [4] where exact expressions of the rate and bit error rate (BER) were derived, as well as the asymptotic analysis at high signalto-noise ratio (SNR). In [5] , a ratio selection scheme was proposed to select one antenna to transmit at the secondary receiver (SR) using a mean value (MV)-based power allocation strategy. For that, closed-form expressions and asymptotic results of outage probability, symbol error rate (SER) and ergodic capacity were derived for the secondary network using MV-based scheme, as well as CSI-based scheme. In [6] , the capacity of SS in CR networks with the maximum ratio combining (MRC) technique was investigated when SR has multiple antennas and undergoes asymmetric fading. In [7] , an opportunistic spectrum sharing in a CR network was proposed to maximize the downlink throughput where few cognitive users are scheduled for transmission out of a large number of multi-antenna secondary users. On the other hand, energy harvesting is a promising solution to make the wireless communication systems more energy efficient and self-sustainable. Among the various energy sources, the radio frequency (RF) signals are found to be a good source for energy harvesting. The process of the simultaneous use of RF signals for energy transfer and information transfer is known in the literature as the simultaneous wireless power and information transfer (SWIPT). The SWIPT technique was first studied in SISO communication systems in [8] and [9] where flat fading and frequency selective channels were considered and a tradeoff between the information rate and the energy transfer was shown for the co-located information decoding (ID) and energy harvesting (EH) receivers. Then, SWIPT for MIMO communication systems was considered in [10] where practical EH schemes were proposed which separate the operation of the ID and EH receivers over the power domain or the time domain. The proposed practical schemes are termed as the power splitting (PS) and the time switching (TS). Following that, more research interest to the application of SWIPT in wireless systems was conducted, in particular SWIPT in relay communication systems [11] - [14] . In [11] , an amplify-and-forward (AF) SISO relay communication system was considered where the relay is an EH node that harvests the energy from the source and uses the harvested energy to forward the source signal to the destination. Two relaying protocols were considered: PS-based relaying and TS-based relaying. For both relaying protocols, analytic expressions of the outage probability and ergodic capacity were derived for delay-limited and delaytolerant transmission modes, respectively. In [12] , a MIMO decode-and-forward relay communication system was considered where the relay is an EH multi-antennas node using the antenna switching technique which spatially separates the operation of EH and ID receivers. Indeed, the AS technique in [12] allocates the strongest antennas to decode the information data while the others to harvest the energy (or vice versa). In [13] and [14] , the source/relay precoding design was considered to maximize the achievable end-to-end rate in AF and DF MIMO relay systems, respectively. The relay is an EH constrained node that uses fully/partially the harvested energy to forward the source signal to the destination. Possibly imperfect CSI was considered in both works. In [15] , the distributed uplink user association problem in EH ultra-dense small cell networks (UD-SCNs) was solved using an approach based on the mean-field multi-armed bandit games. In [16] , the ambient RF-based EH (UD-SCNs) was considered where the implementation feasibility and the tradeoffs in terms of the energy efficiency and data outage probability of a typical user were investigated. In [17] , using the online ski rental framework, the on/off scheduling problem of self-powered small cell base stations (SBSs) was considered which aims to minimize the operational energy consumption and transmission delay costs.
Subsequently, it is interesting to investigate the SWIPT technique in cognitive radio networks. Recently, various researchers have shown their interest to study the SWIPT technique in CR networks [18] - [25] . In [18] , an opportunistic spectrum access scheme was considered in CR networks where secondary transmitters (STs) either harvest energy from ambient transmissions or transmit signals when primary transmitters (PTs) are far away. In [19] , the closed form expression and the high SNR approximation of the outage probability were derived for underlay CR networks with one primary receiver (PR), one cognitive transmitter-receiver, and one EH relay. In [20] - [22] , CR relay networks were considered where the ST or the secondary relay assists the primary transmission while harvesting the energy using the PS or TS scheme. In [20] , the joint optimization of the power splitter factor and the energy allocation over N time slots which maximizes the throughput was considered and a suboptimal management algorithm was proposed in an AF relay cognitive network with one primary receiver, one cognitive transmitter-receiver, and one EH relay. The EH relay harvests the energy from the received signals using the PS scheme. In [21] , the primary and secondary data outage probability and the rate-energy tradeoff between the maximum ergodic capacity and the maximum harvested energy in the secondary network were analyzed in an AF cognitive relay network where the ST and the SR have energy harvesting capabilities using the PS scheme. Moreover, ST acts as a relay for the primary transmission, harvests the energy from the primary signal, and forwards the primary signal and transmits to its receiver simultaneously. In [22] , the optimal cooperation strategy, the time allocation and the power allocation were investigated in non-cooperation and cooperation modes to maximize the secondary user's achievable throughout in a CR network system where the ST acts as a DF based-relay for the primary transmission. The ST is selfpowered and harvests the energy from the ambient transmitters using the save-then-transmit protocol. In [23] and [24] , an underlay CR network is studied where the ST is self-powered and harvests the energy from the primary transmission. In [23] , the online optimal time allocation between the EH phase and ID phase is proposed which maximizes the average achievable rate of the cognitive radio system, subject to the -percentile protection criteria for the primary system where the ST harvests the energy from the primary transmission. In [24] , a channel quality based threshold and opportunistic scheduling were exploited in CR networks with one ST and multiple EH SRs under the peak interference power constraint of the PR and the ST maximum transmit power limit. Each SR is scheduled to harvest energy if the channel condition is above the threshold or to decode information if the channel condition is below the threshold. In this context, the analytical expressions of the secondary ergodic capacity, SER, throughput rate, and energy harvesting were investigated. In [25] , the mutual outage probability (MOP) was investigated for SS in CR networks with SWIPT-enabled multi-antenna PR where a win-to-win situation was shown at both PR and SR sides.
In line with the research scope, we propose to investigate the SWIPT for spectrum sharing in CR networks where the multi-antenna EH SR harvests the energy from the primary and secondary transmission using the antenna switching technique. The antenna switching technique at SR is performed based on a thresholding technique inspired from the MRC technique with an output threshold (OT-MRC). The OT-MRC combining technique was studied before in [26] where the co-channel interference (CCI) was not considered. In this paper, we propose two antenna selection schemes employing a thresholding technique based on OT-MRC with CCI: one scheme is prioritizing the information data and the second is prioritizing the harvested energy. The prioritizing data selection (PDS) scheme selects the ID antennas at SR where the received power from ST is above a certain threshold γ th , while the prioritizing energy selection (PES) scheme selects the EH antennas at SR where the received power from ST is above γ th . Also, we deduce the performance of the joint PDS and PES scheme. For the Rayleigh fading channels, we derive the expressions and asymptotic results of the probability mass function (PMF) of the selected number of antennas connected to the ID circuits at SR, the average harvested energy, the power outage probability, and the data outage probability, for both PDS and PES selection schemes and the joint PDS and PES scheme. For the Nakgami fading channels, we derive the expressions and asymptotic results of the probability mass function (PMF) of the selected number of antennas connected to the ID circuits at SR, the average harvested energy, and the data outage probability, for both PDS and PES selection schemes and we deduce the case of scalability at ST and PT. Through the simulation results, we show the energy and data performance of both schemes and the accuracy of the derived analytic results compared to Monte Carlo simulations. Also, we observe the impact of different simulation parameters on the derived performance metrics and we show that there is an energy-data tradeoff between the data performance metric which is the data outage probability and the energy performance metrics which are the average harvested energy and the power outage probability for the two schemes.
II. SYSTEM MODEL
We consider a cognitive network consisting of a primary transmitter PT, a primary receiver PR, a secondary transmitter ST and a secondary receiver SR. While the PT, PR and ST are battery powered, the SR is self-powered by its harvested energy from the RF signals sent from ST and PT. All the nodes are equipped with single antennas, except the SR which is equipped with multiple antennas N s . The channel between the PT and the j'th antenna of SR, and the channel between the ST and the j'th antenna of SR are denoted by h pj , and h sj , respectively, ∀j = 1, . . . , N s . All the channels h pj , and h sj are independent identically distributed (i.i.d.).
A. SWIPT-Enabled Secondary Receiver
The SR harvests energy using the antenna switching (AS) technique. In fact, the AS technique assigns a subset of the multiple antennas to harvest energy and the remaining to decode the received data information. Let K be the number of antennas connected to the ID circuits and N s − K be the number of antennas connected to the EH circuits, with K ≤ N s . How to choose K will be discussed later.
For a given K, the combined signal-to-interference ratio (SIR) at the ID antennas at SR is given by
where P s is the transmit power at ST, P p is the transmit power at PT, and s (K) = P s K j=1 |h sj | 2 and p (K) = P p K j=1 |h pj | 2 are the received power at the ID antennas from ST and PT, respectively.
The harvested energy at the EH antennas at SR is given by
where ζ is the conversion efficiency and
|h pj | 2 are the received power at the EH antennas from ST and PT, respectively. Now, the question to ask is how to choose K. For that, we present different selection schemes based on a thresholding technique inspired from the OT-MRC technique studied in [26] . The proposed selection schemes are presented in the following section.
B. Performance Metrics
In order to evaluate the performance of the considered selection schemes, we propose to study the performance metrics such as the PMF P K (k) of K, the expected value of the harvested energy, the power outage probability, and the data outage probability.
• The expected value of the harvested energy is defined as
where E[ · ] is the mean operator.
• Moreover, the power outage probability is defined as:
where γ q is referring to the minimum required harvested power at SR, and Prob(·) is the probability density function of a random variable. If the selection of K is independent of Q(K), then
• In addition, the data outage probability at SR is defined as
where ξ s = 2 R − 1 and R is the transmission rate at ST. If the selection of K is independent of γ ID (K), then
III. PROPOSED THRESHOLDING-BASED ANTENNA SELECTION SCHEMES
In this section, we present the proposed thresholding based selection schemes and we evaluate their performance.
In order to select the number of antennas K, we use a thresholding technique inspired from the OT-MRC technique in the presence of the co-channel interference (CCI) from PT. Note that the OT-MRC technique was previously considered only in the no CCI case [26] . In order to derive the OT-MRC technique with CCI, we will follow the same steps in [26] .
Let G (K) be the combined utility function to be specified depending the selection scheme considered. With OT-MRC, the number of antennas K is selected so that the chosen combined utility function G (K) above a certain predefined threshold. Starting from the single-antenna case, the OT-MRC combiner gradually raises the number of antennas in a way to raise G (K) above the threshold γ th . Please note the antennas are randomly ordered. For more details about OT-MRC, please refer to [26] . In what follows, we consider two selection schemes based on different combined utility functions.
• Prioritizing data selection (PDS) scheme: -G (K) stands for the received power at EH circuits at SR (proportional to the harvested energy) from the desired transmitter ST, i.e., G (K) = s (K). -K corresponds to the case where s (K) is greater than the threshold γ th . Evaluating the PDS and PES schemes, we deduce the performance of the joint PDS and PES scheme that selects the minimum of the number of antennas selected by the PDS and PES schemes.
A. Prioritizing Data Selection (PDS) Scheme
The prioritizing data selection PDS scheme selects the antennas K in a way to assure that the received power from the desired transmitter ST at the information decoding receivers at SR is above a certain predefined threshold. Here, the utility combined function stands for the received power at ID circuits at SR from the desired transmitter ST, i.e.,
The selected number of antennas K corresponds to the case where s (K) is greater than the threshold γ th . Let us denote by γ s,j = P s |h sj | 2 , for j = 1, . . . , N s . For the PDS scheme, the thresholding procedure is as follows:
• Start with j = 1 and
At the end, K will be equal to j.
Remark 1: Note that the selected number of antennas K cannot be equal to zero or to N s in a way to avoid the two worse cases when all the receiving antennas are used for harvesting energy and no antennas are used for decoding information (K = 0, i.e., no data) and when all the receiving antennas are used for decoding information and no antennas are used for harvesting energy (K = N s , i.e., no energy). Same remark holds for the PES scheme.
1) PMF of K:
Based on the selection PDS scheme, the PMF of K is given by
which is equivalently written as
where
are the probability density function (PDF) and cumulative distribution function (CDF) of s (k),
2) Average of Harvested Energy: The average harvested energy at SR is given by
3) Power Outage Probability: Since the choice of K is independent of the harvested energy, we can write that the power outage probability is given by
is the CDF of Q (1) (k) which was shown in Appendix A to be given by
4) Data Outage Probability:
The secondary data outage probability is written as
. . , N s − 2, and I N s −1 (ξ s , γ th ) were shown in Appendix B to be expressed as in (76), (78), and (81). Consequently, the secondary data outage probability is given by (16) , as shown at the top of this page, where f
B. Prioritizing Energy Selection (PES) Scheme
By contrast to the prioritizing data selection PDS scheme, the prioritizing energy selection (PES) scheme selects the antennas K in a way to assure that the received power from the desired transmitter ST at the EH receivers at SR is above a certain predefined threshold. Hence, the utility combined function stands for the received power at EH circuits at SR (proportional to the harvested energy) from the desired transmitter ST, i.e., G (K) = s (K). The selected number of antennas K corresponds to the case where s (K) is greater than the threshold γ th . For the PES scheme, the thresholding procedure is as follows:
• Start with j = N s − 1 and
1) PMF of K:
The PMF of K is given by:
Remark 2: We note that P
if the PDS and PES schemes use the same predefined threshold γ th .
Remark 3: Note that we have
The power outage probability is written as PO (2) 
where (85), (95), and (105), respectively. Subsequently, the power outage probability is expressed, depending on the values of δ q,th and γ th , as
and (96), as shown at the top of the p. 17, respectively.
4) Data Outage Probability:
The secondary data outage probability is given by
C. Joint PDS and PES Scheme
In this part, we propose to study a selection scheme combining both PDS and PES schemes where the selected number of antennas K is the minimum of the one chosen by the PDS scheme and the one chosen by the PES scheme. Let K (3) be the number of antennas chosen by the PDS and PES schemes combined where K (3) verifies
where K (1) and K (2) are the number of ID antennas chosen by the PDS scheme, and the PES scheme, respectively. In this case, the PMF of K (3) is expressed as
Subsequently, the average harvested energy is given by
In addition, the data outage probability is expressed as
Furthermore, the power outage probability is expressed as
IV. EXAMPLE: RAYLEIGH FADING SPECIAL CASE
Let us assume that all the channels h pj , and h sj are modeled as flat fading with Rayleigh distribution with variances λ ps , and λ ss , respectively. Let us denote by ε s = P s λ ss , ε p = P p λ ps , and
A. PDS Scheme 1) PMF of K:
The PMF of K in (9) can be written as
which was obtained using Table I -(a), where (·) and γ (·, ·) are the Gamma function and the lower incomplete Gamma function [27] , respectively.
2) Average of Harvested Energy:
The average harvested energy in (11) at SR can be written as
which was obtained using [27] .
3) Power Outage Probability: Using Table I -(b), the power outage probability in (14) can be shown equal to (32), as shown at the top of the next page, depending on the value of ε sp either zero or not, where 1 by (77), (80) and (83), respectively. Consequently, the secondary data outage probability is given by (33), as shown at the top of the next page.
5) Remarks and Asymptotic Results:
• When γ th ε s → 0, only one antenna is selected to decode the information data and we have , if ε sp = 0, (35)
• When γ th ε s → ∞, only one antenna is selected to harvest the energy and we have
B. PES Scheme
1) PMF of K: Similarly to P
(1) 
• If ε sp = 0, 
2) Average of Harvested Energy: The average harvested energy at SR can be written as
which was obtained in a similar way as (31 (102), and in (106), respectively. Consequently, the power outage probability is given by (42) and (43), as shown at the top of this page, depending on ε sp , where 
4) Data Outage Probability:
For the Rayleigh fading channels, we can write
where (44) 
(50)
C. Joint PDS and PES Scheme
For the Rayleigh fading channels, the PMF of K (3) can be shown equal to 
Subsequently, the average harvested energy is chosen to be equal to
In addition, the data outage probability is given by 
Furthermore, the power outage probability is written in (54) and (55), as shown at the top of the next page, depending on the difference between ε s and ε p either zero or not.
V. EXAMPLE: NAKAGAMI FADING SPECIAL CASE
In this section, we assume that the channels h sj , and h pj are modeled as flat fading with Nakagami distribution with parameters m 1 andλ ss and with parameters m 2 andλ ps , respectively. In other words, the PDF and CDF of s (k), and p (k) are given by [26] 
with ε s = P sλss and ε p = P pλps .
A. PDS Scheme 1) PMF of K:
We use the expression in Table I -(f) to show that the PMF of K for the PDS scheme is given by
Note that the expression in Table I (11), we obtain the expression of the average harvested energy for the PDS scheme given by
3) Data Outage Probability: In order to derive the data outage probability, we need to derive the expressions of   I 1 (ξ s , γ th ), I k (ξ s , γ th ) and I N s −1 (ξ s , γ th ) . 
Let us start by I 1 (ξ s , γ th ) defined in (76). We show that
which was obtained using the expression in Table I -(g).
Next, we compute I k (ξ s , γ th ) as defined in (78): 
which was obtained using the expressions in Table I -(g), Table I -(h), and Table I -(i).
Finally, we compute I N s −1 (ξ s , γ th ) as defined in (81): N s − 1) ) N s − 1) ) 
which was obtained using the expressions in Table I -(e), Table I -(f), Table I -(g), and Table I -(h).
B. PES Scheme 1) PMF of K:
The PMF of K for the PES scheme can be immediately obtained given the fact P 
Hence, we can have 
2) Average Harvested Energy: Using the fact that Q
3) Data Outage Probability: Using [27, eq. (6.455.1)], we can show that the conditional data outage probability is given by
Subsequently, the data outage probability for the PES scheme is given by (24) . 
C. Special Case: Scalability at ST and PT
Here, we consider the case where ST and PT are equipped with multiple antennas, N 1 and N p , respectively. All the ST-SR and PT-SR channels are independent identically distributed (i.i.d). All the channels are combined at SR and they can be seen as Nakagami fading channels with parameters m 1 = N 1 , m 2 = N p ,λ ss = N 1 ε 1 , andλ ps = N p ε 2 , where varepsilon 1 and ε 2 are the channel gain per branch between ST and SR and the channel gain per branch between PT and SR, respectively. varepsilon 1 and ε 2 are the channel variances if the Rayleigh fading example is considered. Subsequently, we can obtain the energy and data performance analysis of the PDS and PES schemes.
VI. SIMULATION RESULTS
In this section, we present some selected simulations to show the accuracy of the obtained analytical expressions compared to the Monte Carlo (MC) simulation and to compare performance of the two PDS and PES selection schemes. The number of simulations is N sim = 10 4 . The conversion efficiency of the EH circuits at SR is ζ = 60%. The transmission rate at ST is chosen equal to 2 bps/Hz.
A. Rayleigh Fading Channels
In this part, the channels follow the Rayleigh distribution. In Fig. 2 , we plotted the PMF of K versus the transmit power P s at ST in dBm, respectively, for N s = 4, P p = 10 dBm, λ ss = λ ps = 30 dBm, and γ th = −10 dBm for the two PDS and PES selection schemes. We can see that for the low power regime, K goes to N s − 1 for the PDS scheme and goes to 1 for the PES scheme. However, for the high power regime, K goes to 1 for the PDS scheme and goes to N s − 1 for the PES scheme.
1) Threshold γ th : In Figs. 3a, 3b, 3c , we plotted the data outage probability, the average harvested energy and the power outage versus the threshold γ th , respectively, for N s = 10, P s = P p = 10 dBm, λ ss = λ ps = 30 dBm, and γ q = 10 dBm. We have plotted different ways to select K to Fig. 3. (a) The data outage probability P out , (b) the average harvested energy Q , and (c) the power outage probability PO versus the threshold γ th in dBm, with N s = 10, P s = P p = 10 dBm, λ ss = λ ps = 30 dBm, and γ q = 10 dBm, for the two PDS and PES selection schemes.
show the relevance of our proposed PDS and PES schemes: the fixed/random K, the SIR based selection scheme which selects K that maximizes the SIR, the TS scheme which separates the EH and ID tasks at SR over time and the EH time ratio is α = 0.5, and the joint PDS and PES scheme applied together where K = min(K (1) , K (2) ) with K (1) and K (2) are the ones chosen by the PDS scheme and the PES scheme, respectively. In terms of the data outage probability, we can see that one of our proposed schemes have the closest performance to the SIR based selection scheme and outperform all the other selection methods. For low values of the threshold, the PDS scheme is the closest scheme to the SIR-based scheme. For high values of the threshold, the PES scheme is the closest one to the SIR based scheme. Also, in terms of the energy metrics, either the PDS scheme or the PES scheme outperform all the other methods. Moreover, the joint PDS and PES scheme unifies all the advantages of the two PDS and PES schemes and it has the best data and energy performance compared to the other selection schemes, except the SIR based scheme which outperforms all schemes in terms of data outage. Also, we can see that as γ th increases, the data outage probability of the PDS scheme improves, while it increases for the PES scheme.
On the other hand, the average harvested energy decreases for the PDS scheme and increases for the PES scheme, as γ th increases. Also, the power outage probability increases for the PDS scheme and decreases for the PES scheme, as γ th increases. This observation can be explained by the fact that as the threshold γ th increases, more antennas are allocated to decode information for the PDS scheme while less antennas are allocated to harvest energy. However, for the PES scheme, as γ th increases, more antennas are used to harvest energy and less antennas are used to decode information. Subsequently, as γ th increases, the data metric improves for the PDS scheme and worsens for the PES scheme, while the energy metrics improve for the PES scheme and worsen for the PDS scheme.
2) Number of Antennas at SR: In Figs. 4a, 4b and 4c, we plotted the data outage probability, the average harvested energy and the power outage versus the transmit power P s at ST in dBm, respectively, for P p = 10 dBm, λ ss = λ ps = 30 dBm, and different values of N s for the two PDS and PES selection schemes. In Figs. 4a, and 4b, we have γ th = −10 dBm, while, in Fig. 4c , we have γ th = 0 dBm, and γ q = 10 dBm. On the one hand, from a data outage probability stand point, we can see that the PDS scheme outperforms the PES scheme for a transmit power constraint P s ≤ 15 dBm, while for P s ≥ 15dB, the PES scheme outperforms the PDS scheme. On the other hand, in terms of the average harvested energy, the PES scheme outperforms the PDS scheme for P s < −10 dBm, while the PDS scheme outperforms the PES scheme for P s ≥ −5 dBm. Also, in terms of the power outage probability, the PES scheme outperforms the PDS scheme for P s < −5 dBm, while the PDS scheme outperforms the PES scheme for P s ≥ −10 dBm. This observation can be explained by the fact that, when the ratio γ th ε s becomes very large (low power regime), the number of selected antennas K of the PDS scheme converges to N s − 1, while it goes to 1 for the PES scheme. Hence, for the PDS scheme, more antennas are used to decode information and less are used to harvest energy. However, for the PES scheme, less antennas are used to decode information and more are used to harvest energy. Subsequently, the data outage probability of the PDS scheme is better than the one of the PES scheme, while the average harvested energy and the power outage probability of the PES scheme is better than the one the PDS scheme. However, when the ratio γ th ε s becomes small (high power regime), the number of selected antennas K for the PDS scheme converges to 1, while it goes to N s − 1 for the PES scheme. For the PDS scheme, only one antenna is used to decode the information and all the others are used to harvest energy. However, for the PES scheme, only one antenna is used to harvest energy and all the others are used to decode the information. Subsequently, the data outage probability of the PES scheme is better than the one of the PDS scheme, while the average harvested energy and the power outage probability of the PDS scheme is better than the one the PES scheme. At this point, we can see that there is a data-energy trade off when we use the PDS scheme or the PES scheme.
In addition, we can see that the data outage probability of the PDS scheme is almost the same, as we increase the number of receiving antennas at ST. For the high power regime, this behavior is expected from (36).
For the low power regime, this behavior is due to the fact that the ratio γ th xε p is of the order of −50 dBm, so (39) converges to 1. However, the data outage probability of the PES scheme increases for P s ≤ 15 dBm, while it decreases for P s > 15 dBm, as N s increases. On the other hand, as N s increases, the average harvested energy of the PDS scheme increases for P s ≥ −25 dBm and is almost constant otherwise, while the average harvested energy of the PES scheme increases for P s ≤ −10 dBm and is almost constant otherwise. Moreover, as N s increases, the power outage probability of the PDS scheme decreases for P s ≥ −10 dBm and is almost constant otherwise, while the power outage probability of the PES scheme decreases for P s ≤ 0 dBm and is almost constant otherwise. This constant behavior of the average harvested energy and the power outage probability with respect to N s is due to the fact that K is equal to 1 when the PDS scheme is in the high power regime and when the PES scheme is in the low power regime.
3) Channel Variances λ ss and λ ps : In Figs. 5a , 5b, and 5c, we plotted the data outage probability, the average harvested energy the power outage probability versus the transmit power P s at ST in dBm, respectively, for N s = 10, P p = 10 dBm, γ th = −10 dBm, γ q = 10 dBm, and different values of λ ss and λ ps for the two PDS and PES selection schemes. We can see that the data outage probability of the PDS scheme and the PES scheme improves with λ ss while it worsens with λ ps , which is an expected result since we know that the interference harms the data transmission. On the other hand, the average harvested energy and the power outage probability of the PDS scheme and the PES scheme improve with λ ps , if we compare the cases when λ ps = 20 dBm and λ ps = 30 dBm, while λ ss = 30 dBm. But, when λ ss increases, the average harvested energy and the power outage probability of the PDS scheme improve. However, for the PES scheme, the average harvested energy and the power outage probability improve for P s > 5 dBm and worsen otherwise. Moreover, we can see that the average harvested energy of both PES and PDS schemes is highly affected by λ ps in the low power regime while it is highly affected by λ ss in the high power regime. Also, the power outage probability is highly affected by λ ps in the low power regime. 
B. Nakagami Fading Channels
In this part, we consider the case of Nakagami fading channels. In Fig. 6 , we have plotted the data outage probability P out and the average harvested energy Q versus the transmit power P s at ST in dBm, with N s = 10, P p = 10 dBm, γ th = 0 dBm, γ q = 10 dBm,λ ss =λ ss = 30 dBm, and different values of m 1 and m 2 for the two PDS and PES selection schemes. The ST-SR channels and the PT-SR channels follow the Nakagami fading channels. We can see first that increasing m 1 and m 2 worsens the data outage probability for a transmit power at ST less than 15 dBm. For high power regime, the data outage probability improves as m 1 and m 2 increase. Recall that when m 1 = m 2 = 1, this case is equivalent to Rayleigh fading channels. In terms of the average harvested energy, the advantage due to increasing m 1 and m 2 is slightly observable. For low power regime, increasing m 1 and m 2 improves the average harvested energy of the PES scheme, while it worsens the average harvested energy of the PDS scheme. For high power regime, increasing m 1 and m 2 improves the average harvested energy of the PDS scheme, while it worsens the average harvested energy of the PES scheme. In Fig. 7 , we have plotted the data outage probability P out and the average harvested energy Q versus the threshold γ th in dBm, with N s = 10, P s = P p = 10 dBm, γ q = 10 dBm, λ ss =λ ps = 30 dBm, and different values of N 1 and N p for the two PDS and PES selection schemes. ST and PT are equipped with N 1 and N p antennas, respectively. The ST-SR channels and the PT-SR channels are i.i.d. following the Rayleigh fading channels with channel gain per branch equal toλ ss and λ ps , respectively. First, having more antennas at ST and PT worsens the data outage probability for the PDS scheme for low threshold and for the PES scheme for high threshold. This fact can be explained by the increasing interference due to PT transmission induced at SR. In terms of the average harvested energy, having more antennas at ST or PT improves the average harvested energy for the PDS scheme for low threshold and for the PES scheme for high threshold.
VII. CONCLUSION
In this paper, we investigate the SWIPT for spectrum sharing in CR networks where the SR harvests the energy from the primary and secondary transmission using the antenna switching technique. For the AS technique, we propose a thresholding-based antenna selection strategy inspired from OT-MRC technique. We study two selection schemes: the first is the prioritizing data selection (PDS) scheme and the second is the prioritizing energy selection (PES) scheme. For both the PDS and PES schemes, we derive the expressions of the PMF of K, the average harvested energy, the power outage probability, and the data outage probability. We deduce the performance of the joint PDS and PES scheme. We study the Rayleigh fading channel case and we derive some asymptotic results of the studied metrics. We study also the Nakagami fading channel case and we deduce the scalability case at ST and PT. Through the simulation results, we show the impact of different simulation parameters and we show that there is an energy-data trade off for both schemes. We compare the proposed selection schemes to some other methods to show the effectiveness of our methods. APPENDIX A PDF AND CDF OF Q (1) 
Recall, for k = 1, . . . , N s − 1, the harvested energy at SR is given by
|h pj | 2 are the harvested energy from ST and PT, respectively.
The PDF and CDF of s (k) are denoted as f
respectively. In addition, the PDF and CDF of p (k) are denoted as f
We can write the PDF and CDF of Q (1) 
respectively. For the Rayleigh fading channels, the PDF of
where I n (·) is the modified Bessel function of the first kind. (73) was obtained using [27, eq. (3.383.2.11)].
which was obtained using [27, eq. (3.191.1)].
Correspondingly, the CDF of Q (1) (k) is given by
where (75) was obtained using 
For the Rayleigh fading channels, I k (ξ s , γ th ) can be written equal to 
Then, using 
Then, using Table I -(b), we show that (88) is expressed, depending on ε sp , either zero or not, as follows .
• If δ q,th > 0, we use Table I-(c) and Table I 
Then, we use Table I -(b), Table I -(c) and Table I 
Then, using Table I -(b), and Table I -(c), we show that (101) is expressed, depending on ε sp , either zero or not, as follows
